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S1. Estimate of pumping costs based on experience from the By Fjord Experiment 
 
Below we present the hardware costs (no development fees included) for a pumping system similar to 
that used by BOX in the By Fjord (Table S1a). We also present approximate annual costs to run the 
pumping system based on the costs we had in BOX (Table S1b). It is assumed that the pumps are on 
duty 10 months (7200 h) per year. We have assumed that the life of the pumping system is 10 years. 
The cost of depreciation is computed assuming 5 % annual interest on capital. Costs for observation of 
state parameters of the basin where pumping is undertaken are not included. (Conversion rate used in 
Table S1a and Table S1b: 1 USD = 6.25 SEK). 
 
 Table S1a Purchase costs of pumping system 
  
Item  USD 
Reinforced concrete floating jetty anchored and ready to use in the By Fjord 31 500 
Shore cables, electrical cabinets and installation costs 47 300 
2 pumps, each using 12 kW and pumping 1 m3s-1 39 400 
Intake cones, outlet nozzles, feather clutches, fabric pipes 47 300 
Others 8 000 
SUM 173 500 
 
Table S1b Annual costs to pump 
 
Item  USD year-1
Electrical power, 7200 h x 24 kW x 1 SEK h-1 27 700 
Maintenance,  5 days: work boat 11 800 
Maintenance, 5 days: 2 persons 5 500 
Maintenance, spare parts 11 800 
Pump manager, 10% of full time 9 500 
Depreciation (annual interest rate equals 5 %) 22 100 
SUM 88 400 
 
 
 S2. Methods used in the established monitoring programme 
List of Methods, SMHI Oceanographic Laboratory 
SMHI Prepared 2003-05-07 Annex I  Quality Manual Revision 2012-03-01 4 pages  
Oceanographic Laboratory Approved by CShl DM # 14302:11  
 
Variable  Method  Measurement principle Sample TypeUncertainty  Range  
Total alkalinity (*)  1  Potentiometric titration 1:3  5%  0.5-3.0 mM  
Ammonium-N (¤)  1  Manual spectrophotometry  1:3  14%  0.20-100 µM  
Ammonium-N  30  Aut. fluorimetry  1:3  ± 7%  0.20 to 10 µM  
Depth (pressure) (¤)  2  CTD probe (Sea-Bird) 1:3   ± 0.7 dbar 1)  0.1-6800 dbar   
Phosphate-P  1, 3, 4  Flow analysis, spectrometric detection 1:3  
12% (0:02 to 0:20)   
4% (0.20-10)  0.02-10 µM  
Phosphorus, Total (*)  1, 3, 5  
Persulfate oxidation + 
flow analysis, 
spectrometric detection
1:3  18% (0.05-1.0)       12% (1.0-10)  0.1-10.0 µM  
Chlorophyll a (*)  1, 6  Ethanol extraction + fluorimetric detection  1:3  
20% (0.1-1.0)        
12% (1.0-100)  0.1-100 mg / l 
2)  
Nitrogen, total (*)  1, 5, 7, 8  
Persulfate oxidation + 
flow analysis, 
spectrometric detection
1:3  14% (5-100)  5-100 µM  
Nitrate-N  1, 7  Flow analysis, spectrometric detection 1:3  
7% (0.1-1.5)         
4% (1.5-50)  0.10-50 µM  
Nitrite-N  1, 7  Flow analysis, spectrometric detection 1:3  
11% (0.02-0.2)       
3% (0.2-10.0)  0.02-10 µM  
Particulate Org.C  (*)  1, 10, 11  Elemental Analyzer  1:3 10:4 30%  7-100 µM  
Particulate Org. N (*)  1, 10, 11  Elemental Analyzer  1:3, 10:4 30%  0.7-20 µM  
pH (¤)  1, 12  NBS buffer  1:3  ± 0.6%  7-9  
Sampling (¤)  6  Water sampling  1:3    
Salinity (*)  1, 13  Conductivity, laboratory salinometer 1:3  ± 0:02 units  2-40 (PSS 78)  
Salinity (¤)  1, 2        22  
CTD probe (Sea-Bird) 
CTD probe (SAIV)  
1:3   
1:3  
± 0:01 S / m 1)    ± 
12:02 pts 1)  
0.01-7 (Siem / m) 
0.1-40 (PSS 78)  
Silicate  1, 14  Flow analysis, spectrometric detection 1:3  
8% (0.1-5.0)         
3% (5.0-200)  0.1-200 µM  
Sulphide  1  Manual spectrophotometry  1:3  9%  1.0-300 µM  
Oxygen  1, 9  Iodometric titration  1:3  10%               5%  
0.02-2 ml / l       
2-15 ml / l  
Temperature (¤)  1, 15  Reversing thermometer 1:1, 3 ± 0.02 o C  -3 - +35 O C  
Temperature (¤)  1, 2       22  
CTD probe (Sea-Bird) 
CTD probe (SAIV)  
1:3 
1:3  
± 0.01 o C 1)          
± 0.01 o C 1)  
-5 - +35 O C          
-2 - +40 O C  
Phytoplankton, 
(sampling and analysis) 6, 16-21  Microscopy  1:3  
Cells/L biovol. (mm 3):      
40% (1-99 µm 3)         
48% (100-999 µm 3)          
53% (1000-9999 µm 3) 
42% (10000-99999 µm 3)  
29% (> 100,000 µm 3)  
 
Primary production with 
incubator  1, 23-29  
14 C uptake - CPM 
measurement  1:3   
Production value 
represented by 
CPM> 50         
0.1-50 mgC / h  
      
Methods marked with (*) are performed in the laboratory only, ie. not in field.  
Methods marked with (¤) are performed in field only.  
1) Measurement uncertainty according to the manufacturer's calibration data.  
2) Chlorophyll samples with concentration above 25 µg/l are diluted or measured in a spectrophotometer.  
Explanations  
1 Sample Types  
1 Water  
1:1 Freshwater / Pool water 
1:2 Drinking water  
1:3 Seawater / Brackish  
1:4 Wastewater / Leachate  
1:5 Sludge / Sediment  
1:6 Biological material (Biota)  
1:10 Other  
2 Uncertainty  
Expanded measurement uncertainty. The stated uncertainty of the chemical 
parameters is calculated using a coverage factor of 2, which gives a confidence 
level of approximately 95%. Measurement uncertainty for phytoplankton is the 
standard deviation (RSD%) between 4-5 replicates of natural samples.  
Range 
Range refers to the working concentration range of the analysis. At higher 
concentrations the samples may be diluted to the working range. 
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 S3. Table S3 
 
Table S3. Organic pollutants and metals measured in caged common mussels and in passive samplers 
(DGT) in the Byfjord campaign 2009-2012. Stars indicate metals measured in common mussels. 
 
PAH 
Organic tin 
compounds 
Naphthalene Monobutyltin   
Acenaphtylene Dibutyltin 
Acenaphtene Tributyltin 
Fluorine Toluene 
Phenantrene Benzene 
Anthracene Etylbenzene 
Fluoranthene sum Xylene 
Benz(a)anthracene Metals 
Chrysene As*                 Fe* 
Pyrene Cd*                 Zn* 
Benzo(b)fluoranthene Co*                 Ag 
Benzo(k)fluoranthene Cr*                  Al 
Benzo(a)pyrene Cu*                 Sr 
Dibenz(ah)anthracene Hg*                 U 
Benzo(ghi)perylene Mn*                Eu 
Indeno(123cd)pyrene Pb*                 Dr 
sum 16 EPA-PAH Ni*                 Dy  
 
 
 
 
S4. Table S4 
 
Table S4. Calculated concentrations (µg/L) of free metal ions in Byfjord deep water before 
and during oxygenation by using passive samplers (DGT), n=3, ± 95% confidence intervals. 
 
Year 
Depth 
Temp 
Hours 
Metal 
 
m 
°C 
H 
2009 
38  
6.1 
720 
Mean 
 
 
 
 
95% C.I. 
2010 
38 
5 
2016 
Mean 
 
 
 
 
95% C.I.
2013 
23 
8.35 
1008 
Mean 
 
 
 
 
95% C.I.
2013 
38 
8.35 
1008 
Mean 
 
 
 
 
95% C.I. 
Al μg/L 2.6 0.6 0.4 0.3 0.3 0.2 0.4 0.1 
Cd μg/L 0.005 0.0 0.023 0.0 0.009 0.0 0.010 0.0 
Co μg/L 0.05 0.0 0.02 0.0 0.01 0.0 0.01 0.0 
Cr μg/L 0.3 2.3 0.01 0.0 <0.03 0.0 <0.03 0.0 
Cu μg/L 0.005 0.0 0.03 0.0 0.09 0.0 0.07 0.0 
Fe μg/L 29.1 3.4 1.2 1.2 0.5 0.1 0.6 0.4 
Mn μg/L 82.2 10.5 1.7 0.7 2.4 0.2 7.1 0.3 
Ni μg/L 0.2 4.5 0.2 0.0 0.2 0.0 0.2 0.0 
Pb μg/L 0.01 0.0 <0.005 0.0 0.004 0.0 0.003 0.0 
Sr μg/L 4.9 0.5 1.7 0.1 2.5 0.4 2.6 0.3 
U μg/L 0.3 15.8 0.3 0.1 0.5 0.1 0.5 0.1 
Zn μg/L 0.3 5.7 0.3 0.1 0.5 0.1 0.5 0.1 
 
 
 
 
 
 
 
 
 
 
 S5. Table S5 
 
Table S5. Detected concentrations of organic pollutants and metals in caged common mussels 
(Mytilus edulis L.) in Byfjord before and during oxygenation, n=3, x mean of 10 individuals, 
± 95% confidence intervals. 
 
Year
Temp °C 6,1° C 5° C 8,35° C 8,35° C
Hours h 720 h 2016 h 1008 h 1008 h
PAH Mean 95% C.I. Mean 95% C.I. Mean 95% C.I. Mean 95% C.I.
fluorene mg/kg w.w 0.001 0.0 <0.001 0.0 0.002 0.0 0.002 0.0
Phenanthrene mg/kg w.w 0.002 0.0 <0.001 0.0 0.001 0.0 <0.001 0.0
fluoranthene mg/kg w.w 0.002 0.0 <0.001 0.0 0.001 0.0 <0.001 0.0
benz(b)fluoranthene mg/kg w.w 0.002 0.0 0.001 0.0 <0.001 0.0 <0.001 0.0
sum 16 EPA-PAH mg/kg w.w 0.005 0.0 0.007 0.0 0.004 0.0 0.002 0.0
PAH carcinogenic mg/kg w.w 0.003 0.0 <0.004 0.0 <0.004 0.0 <0.004 0.0
PAH, sum others mg/kg w.w 0.005 0.0 0.006 0.0 0.004 0.0 0.002 0.0
Organic tin compounds Mean 95% C.I. Mean 95% C.I. Mean 95% C.I. Mean 95% C.I.
MBT μg/kg w.w 1.0 0.0 1.7 0.7 3.2 1.7 2.4 0.9
DBT μg/kg w.w 4.3 0.7 3.3 2.6 2.4 0.6 1.3 0.1
TBT μg/kg w.w 8.7 1.3 2.7 0.7 7.8 2.5 2.3 0.6
Metalls Mean 95% C.I. Mean 95% C.I. Mean 95% C.I. Mean 95% C.I.
As mg/kg d.w 8.1 1.9 9.2 3.0 1.2 0.1 1.2 0.1
Cd mg/kg d.w 0.9 0.2 0.7 0.1 0.2 0.0 0.2 0.0
Co mg/kg d.w 0.5 0.2 0.4 0.1 0.1 0.0 0.2 0.0
Cr mg/kg d.w 0.3 0.0 0.3 0.1 0.1 0.0 0.1 0.0
Cu mg/kg d.w 6.2 0.6 5.4 0.5 1.2 0.2 1.1 0.2
Hg mg/kg d.w 0.06 0.0 0.05 0.0 0.01 0.0 0.01 0.0
Mn mg/kg d.w 5.4 2.1 5.7 2.3 2.5 0.7 1.4 0.2
Ni mg/kg d.w 0.9 0.3 0.8 0.2 0.2 0.0 0.2 0.0
Pb mg/kg d.w 0.6 0.2 0.6 0.0 0.1 0.0 0.1 0.0
Zn mg/kg d.w 114.3 22.3 91.0 5.6 18.6 2.7 17.4 1.0
Fe mg/kg d.w 92.8 36.6 129.3 72.3 20.8 1.7 20.3 1.6
2009 Impact 2009 Reference 2011 Impact 2011 Reference
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
S6. Table S6 
 
Table S6: Dissolved Fe and Mn (µg L-1) in the deepest parts of the By Fjord below the outlet from the 
pumps. The sampling interval for each cation DGT measurement is presented for the period June 2010 
– November 2012. 
 
 
 
Sampling interval Fe2+ 41m 
 (µg L-1) 
 Fe
2+ 37m 
(µg L-1) 
Fe2+ 32m 
(µg L-1) 
Mn2+ 41m 
(µg L-1) 
Mn2+ 37m Mn2+ 32m 
(µg L-1) (µg L-1) 
20100614 - 20100621 21.1 14.0 19.3 45.8 56.5 131.8 
20101018 -20101107 35.9 34.0 34.2 50.2 45.4 31.6 
20101207 -20110301 0.5 0.4 0.4 1.0 0.9 0.9 
20110410 -20110526 52.0 66.8 18.0 95.0 147.0 7.3 
20110526 - 20110616 64.4 66.8 7.2 150.0 148.5 18.9 
20110616 - 20110724 94.8 7.1 1.1 58.2 8.8 8.7 
20110724 - 20110902 89.7 18.5 1.8 78.1 135.0 5.2 
20110902 - 20111114 79.5 12.8 1.4 56.7 30.8 5.7 
20111218 - 20120117 104.0 1.0 1.0 113.0 14.3 4.7 
20120117 - 20120306 22.4 1.2 1.0 45.3 135.0 5.8 
20120306 - 20120426 0.9 0.9 1.0 76.6 33.1 1.67 
20120426 - 20120521 0.5 0.7 0.4 23.8 33.4 12.7 
20120521 - 20120618 1.0 0.4 0.4 65.9 49.0 27.9 
20120618 - 20120816 1.5 0.4 0.4 6.0 41.0 25.0 
20120816 - 20120830 84.4 1.2 0.6 44.1 22.1 9.6 
20120830 - 20121017 128.0 2.1 0.9 11.1 15.2 4.8 
20121017 - 20121119 0.2 0.5 0.9 131.0 31.5 5.6 
